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]kcilich  and Dunbar (1993) produced a 10-m height wind vextor  data sc.t, named CMOI>13>$

from the European Space Agency (ESA) first lluropcan  Remote Sensing (IRS-1) Active

Miclowavc  instrument (AM I) n]casurcmc.nt,  “J’hc CMODI 01 wind vectors compared favorabl y

with moored-buoy wind observations at about 60 sites. Satisfactory results were obtained from

ir]tcrcor~]~)arisor~s bet wccn CMODI :J ] and nmmd-buoy  M i mat es of horimnta] wind divcrgcncc

and wind-stress curl, “l’he CMOIXW posit ions of the lntc.rtmpical  Gmvergence Zmc (J’1’CZ) at

2.8°W were near] y equal to those dctcnnincd  from Satellite images of clouds. “1’hc CMOIXJII data

were employed to compute the llknlan vcrt ical velocity in the region of the Pacific Norh 1 ?quatoria]

Countercurrent (NECC), and a correlative relation was found between the annual cycles and

]ongitudina]  variations of the NECC and Ekman vertical motioi.

1. INJ’ROIXJSJ’JON

Further understanding of the monthly mean dynamics of the North Equatorial Countercurrent

(NECC) and the Intertropical Convergence Zlme (J-J’CY,)  requires knowledge of relatively sn~all-

scalc horizontal gradients of the surface wind field. Be.cause the latitudinal widths of the NECC

and IrJ’CZ arc approxitnately  S00 and 200 km, respectively, the. usual sources of surface wind

information arc not adequate. 1 ]orizontal  dimensions of surface wind data products from

numclical  weather prediction forecast-analysis systems arc too large (typically 200 km x 200 km)

to dc.scribe oecan-atmosphere interactions associated with the NJKX and I’I’CL/,. Observations of

surface winds from ships ale too sparse. Only satellites provide frequent coverage of surface

winds. The IIuropcan Space Agency (JiSA) first Huropean Remote Sensing (MCI-1) wind

scattcromctcr measurements arc used to dctennine  surface. wind convergence in the Atlantic I’J’G?

and the I!kman vertical velocity in the Pacific NJ lCC.
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2.. IWAI,UATJON  OJ~ SCA”l”J’l{ROM1:J’l+R  WJNJM

“1’hc 5.3-G] IZ (C-band) Active Microw~vc  lnstwmcnt (AM I) was mounted cm llRS - 1, which

was launched 17 July 1991. ~l~c AM I is an active micl owavc rdar which measures the. strength

of resonant Bragg  scattering produced from approximate] y S-cm wavelength surface waves creatcxl

by tile.  wind, The 3-antennae scat[eromtcr  was dcsigtwd  to measure 10-m height wind speed and

direction with accumcics of 2 m s-l and 20° (J;SA, 1 ~992) wid~in  SO-km diameter cells with the

ccntcrs spaced at 25-kn~  intervals in a 500-kn~ swath. “J’he swath czntcr is located 450 km to the

right of the direction of the spacecraft.

The model function relating the AM1-n]casured  normalized molar cross section, 00 (sign~a-

naught), and 10-m height wind speed and direction for neutral stratification is complex, and no

universal relationship exists. The O. measurements wm continuously dctcrmincd  by INA after 1

January 1992.; prior to this date, there were long intervals when 00 was not estimated. Calibration

of the AM I was modified in March 1992, and no further changes were made afterwards, During

January 1992. - July 1993 (when the most recent data were acquired), ESA used a succession of

three model functions (CMOD2,  1 January -9 June 1992; CMOD3, 10 June 1992-23 Iicbruaty

1993; CMOD4,  24 Februaly -31 July 1993), which we.lc dcvclopcd  at the European Center for

Medium-Range Weather Forecasts (JH2MWl~),  to compute surface wind vectors from 00, Other

groups, such as Centre National de Rechcrchcs  Mt5t&mlogiqucs  (MIH’JZO-France) and the lnstitut

lkangais dc J&chcrchc  et d’Exploitation  de la Mex (ll~Rl;MIX), have developed model functions

for various segments of the ERS- 1 data set. lkcilich andIIunhar(1993) developed a model

function, CMODIW,  which is based upon crO n~casurcmcnts  collocated with National

Mctemological  Center (NMC) surface wind analysis. ‘J”his model function is used to compute 10-

m height wind vectors bet wccn 60°S - 60°N, which wc call CMOI>I W data. We use CMOI )l~J 1

data because the January - June 1992 CMODIJJI data were more accurm  than CMOD2 datti

(Ilalpcrn et al., 1993) and the CMODFJ> data arc the only known ERS-I wind vector data of at

least 1 $month  duration that is produced with a time-invariant pmccssing  method.
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What is (})c proper refercncc data set to cvahratc  satellite observations of the surfm. wind

components? No reference data set is free of errors. Wind mcasurcmcnts  recorded on ships have

a root-mean-square (rms) accuracy of 3-4 m S-l (Wilka-son  and Iiarlc, 1990; Esbenscn cc al.,

1993) and mean bias relative to moored-buoy data of about 1.5 m s-l (Wilkcrson  and llarle, 1990).

Opcmtional  foreeas[-analysis  of surface winds are not ]mecssed  uniformly in time because  of

fl equcnt changes to the foreeast-anal ysis systcm.  Moored-buoy wind mcasurcmcnts at about 4-111

hc.ight  may produce a wind speed lower than the actual  speed because of wave sheltering when the

wind speed is greater than about 10 m s-l. Wc chose moored-buoy wind data to be the refcrcncc

data set for comparisons with CMOI>17D because of a belief  that the moored-buoy wind

observations are more rcprcscntativc  of the wind field than either ship mcasurcmcnt  or operational

wind analyses created at numerical weather prediction centers. ‘J’wo buoy wind data sets were

used: “1’ropical Oceans Global Atmosphere (l’OGA) “J’~opical  Ocean-Atnlosphcre  (’J”AO) (J layes et

d., 199 1), and National Owmic  and Atn]osphcr-ic Administrate ion (NOAA) National Data BLIoy

Ctmter (NDK) (Mcindl and 1 lamilton,  1992). Data processing procedures for the 1()-m height

CMOD]JD  and moored-buoy wind data were described by llalpcrn  ct al. (1993).

2.1 Wind v-r

During January - December 1992 there were 50 and 92. monthly mean CMOIX{JJ-NJX]C and

CMOIX;JI-TAO  matchups,  respectively. Statistics of the ord]ogonal  regression analysis are listed

in ‘J’able 1. Correlation coefficients between the monthly mean u and v matchups  were significant,

according to the Student’s z test (Press et d., 1986). “1’1 Ie level of statistical significance used

throughout the paper is 95%. In all cases, the corrclaticm coefficient indicated that at least 50% of

the variances were linearly related. “J’hc u CMODJ~ll-N1lBC  corrc.lation coefficient (0.98) was

statis[ i call y different than the v corrclat ion coefficient (0.91), according to the 1 ~ishcr’s  z test (Press

ct al., 1986), but only by a very slight margin because the nor-mall y distributed z value  was greater

than 1.96 by only 0.7. ~“hc u and v CMOIIFJ~-’J’AO cor[clation  coefficients were not statistically
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different, indicating that the correspondcrm  bctwccn the matchups  was almost isotropic in

direction. ‘J’hc rrns diffcrcnccs  bctwccn CMOIJI;JI-NIIIIC  u and v pairs were 0.98 and 0.80 m s-l,

rcs] wctivcly, which were 63% smaller than that bet wem CMOI)I 0’J’AO pairs; the difference was

significant, according to the F test (Press et al., 1986). The larger mm differences and smaller

correlation coefficients associated with “1’AO data compared with NIIBC data indicatal a lack of

wind speed scnsitivit y of sigma-naught at low wind speed.

2.2 Wind Divcrgm

‘1’he horimntal wind divcrgcncc,  1 lIJ, was computed from

}]1> == ih@x + ihJ/i)y = AufAx  + Av/L’ly, (1)

where Au is the difference of the z.onal  wind components at two sites separated by a distance Ax

along the cast-west direction, Av is the diffcrcncc  of the meridional wind components at two sites

separated along the north-south direction by a distance Ay, and the positive x and y directions are

towards east and north, respectively. Positive and negative values of} ]1) arc called clivcrgence  and

convcrgcncc,  rcspectivcl  y.

“1’hrcc NIIBC sites near 20”N, 155”W in the vicinity of the 1 lawaiian Islands were chosen

(1’ig,ure 1) because it was the smallest horizontal scale. triangular mocmxl-buoy  array. Daily values

of Au/Ax  and Av/Ay were computed bctwccn sites A and B and sites C and B, respectively.

During January - December 1992 there were 31 daily CMODIDNI>}IC  111> matchups.  ‘J’he mean

CMOllliI~ convergence (2.4xI0  b s-l) was 0.3x 10-6 s-] or about 10% larger than the NIIIJC

cstitnatc  of convergence; the difference was not signifwant. “J’hc correlation coefficient (0.78)

bctwccn  CMODFD-NDBC 1 ID matchups  was signif~cant.

2.3 Wind-Stress Curl

“1’hc vertical component of the surface wind-stress curl, WSC, was computed from
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WSC = hy/i)x  - i)@’=- AZy/AI’  - ATx/Ay, (2)

where TX and TY are the cast-west and rmlh-south  cmnponcnts of wind stress, rcspcctivc]y.  “J’he

wind-stress components are defined by

‘tX ‘: f)~ CI) L4 (U2 + VT)llZ (3a)

and

Ty =’ pacl)v  (U2 -i Vz)lfz (3b)

where pa is the density of air (1.225 k~ m-s) in the constant-stress layer and CIJ is a non-

dimensional drag coefficient. We used a wind-speed dependent Cl] (7’rcnbcrth et al., 1990). Daily

values of AT~Ax  and ATX/Ay  were computed bet wccn sites A and 11 and sites C and B (1 ;igurc 1),

respectively, During January - DcccJNbcr 1992 t}]c corrc]at ion coefficient (0.85) between 31 daily

CMOI>I;D-NDBC WSC matchups  was significant. ‘J”he mean NDBC WSC (-3.7 x1 O-8 N m-q)

was 3.2x1 0-8 N m-s smaller than that computed from CMOIIIW data. Although the percentage

difference between the two mean values  was large, the mean bias was not significant because of

the large standard deviations (9.3 and 14.9x 10-8 N IN-3) of the means.

3. . GI .OIIA1 . ANNUAL MEAN WIND V1;CJ’ORS

All 1/3° x 1/3° monthly mean u and v values during July 1992 to June 1993 were averaged

within non-overlapping 2.S0 x 2.5° areas, which was an arbitrarily-chosen grid,

‘J’hc CMODFJI data (Figure 2) portrayed the general surface circulation of the atmosphere. From

30-60° latitudes in the northern and .southcrn hcmisphcrcs,  the ]ongitudinat-avcragc,d  CMODI~J>

zonal wind direction was eastward. Bet wccn 30°S and 30°N the CM OIJFI> zonal wind direction

was westward, except in the North Indian Ocean where the zonal wind component was near zero.

inspection of Figures 2A and 2C shows that the CMOIlliJl  wind-stress curl in the 20- 40°N band

would be primarily related to the north-south gradient of the zonal wind stress compared to the

east-west gradient of the meridional wind stress. ‘J’his geographical pattern of wind components is
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a fm~danwntal  feature of the surface wind field and is necessary to generate mid-latitude ocean

circulation gyrcs  and, consequently, the Gulf Stream and Kuroshio Current, “J’hc. July 1992- June

1 {993  mum geographical pattern of the CMOIII”W zonal wind components (1’igurcs 2,A and 2C)

over the nlid-latitude ocean gyrcs was qualitatively similar to the climatological-mean annual wind

components that have been computed from wind mcasurcmcnts  recorded on ships (1 lcllcrman  and

Roscnstcin,  1983) and from the I~CMWJ7 wind product (Trcnbcr[h c1 al., 1990).

Along the Pacific equator the CMOIX~ll u-wind component had an approxitnatc  bell-shape

pattern, which was consistent with climatological-mean estimates (Wyrtki and Meyers, 1975).

1 lowcvcr, the maximum magnitude of the mean July 1992- .lunc 1993 zonal component (3 -4 m

s-] ) was 2-3 m s-] less than that anticipated from climatology, perhaps bccausc of the 1991-1993

111 Niiio episode. liast of about 110°W and west of the date line the wind had nearly equal

components (1 iigurc  2A and 2C); this pattern and the predominant westward direction of the trade

wind from 180° to 11 O“W were consistent with climatology.

The most prominent feature of the CMODFI> v component was the convergence in the 10OS -

10°N band in the Atlantic and Pacific Oceans. The st]cngth  of the tropical convergence is primarily

determined by &@y, because in the tropics ilv/dy  is much greater than &@x (Figure 2A and 2C).

in the Pacific the convergence north of the equator in the eastern half of the basin is the 13’CZ,

which is the name also given to the convergence zone in the Atlantic. In the Atlantic Ocean the 5°S

- 10“N longitudinal-average avhy was approximately 4.2x1 O-6 s-l (Figure 211). This was 130%

greater than the 10°S - 10C’N longitudinal-average convcrgcncc  in the Pacific Ocean (Rgurc 2D). In

the Atlantic, the I’1’CZ  occurs throughout nearly the entire width of the ocean basin, whereas in the

Pacific the I’I’CZ occurs over half the basin width. In the eastern Pacific the ITCZ strength is

similar to that in the Atlantic.

l“hc convergence zone found south of the equate] in the western Pacific is the South Pacific

Convcrgcncc  Zcmc (SPCA); an analogous feature did not occur in the Atlantic Ocean (Figure 2C).

An annual nman tropical convergence zone within 10° of the equator was notably absent in the

lndian Ocean (J;igure 2C and 212). The CMOIIFD-infcxred  intensity of the southern }~emisphcrc
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ccmvcrgcncc  zone, which was largest in the South Pacific and smallest in the Atlantic Ocean, is

consistent with rainfall estimates (Vincent 61 al., 199]).

4. II’(Z IJ4TJT1)IX AIDNG  28°W

“1’hc 1“1’CZ is associated with high sea surface tctiqxraturc, intense atmospheric convection, a

persistent ncar]y-zonal  li[ic of cloud clusters which rapidly appear and disappear, and increased

rainfi~ll  over an approximate 2°-la[itudc  band. Citcau (1993) defines the ITCZ lat itudc at 28°W to

be the latitude of maximum cloud amount, and dctw-mine.s  the. location from hourly infrared images

recorded by M ETEOSAIY;  seven-day average posi t ions were obtained from Dr. Jean Cikau

(personal con~n~~lnication~  lWO ‘l-he 28°W longitllde  is chosen ~causc  it is in the middle of the

Atlantic where the influence of the continents upon the diurnal fluctuation of c]oud amount is

reduced cotnparcd  [o sites close to land. I’wo methods were used to compute the I’I’CX latitude

along 28°W with CMOI>IW data. In the 5°S - 10ON bancl, the latitude where v = O defines the

position of the confluence zone of the northeast and scmthcast trade winds. ‘l-he confluence-mmc

latitude where v = O is easily defined because to the north (south) the winds are westward

(eastward) (Figure 3A). In the second scheme, the latitude associated with maximum convergence

is dctcrmincd  by visual inspection (l~igure 31]), but it is not as easily defined as the ccmftucnce

z,onc,  llxccllcnt  agremncnt  was found between month] y mean 1’1’CZ,  latitudes computed with

CMCJDIW and METEOSAT  data (Figure 4). “1’he bias and rms difference between monthly mean

M[l’I”IIOSAl-derived latitudes and the CMOIX  {l> v = O latitudes were 0.3° and 2.0°, rcspectivcly;

the correlation coefficient was 0.94.’ T}]e MEI’JIOSA”J’ and CMOD17D agreement was poor during

July, August and September, which is the time of the year of maximum dcveloptncnt  of synoptic-

scalc wave disturbances in the ITCA (Reed C( al., ] 988), Two reasons for the discrepancy are

suggested. Unlike the 1-h MIITEOSAT data, the CMOIX~D data were recorded at intervals of 3

days or longer, which would crcatc a substantial amount of aliasing  of the 3- to 5-day period

African easterly waves. Additionally, in the Atlantic the convergence at the surface is confined to a
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shallow layer below 850 mb and clouds owur  at sevcml ICVCIS which arc not stacked vcr[ically

(’I”hompson  6[ al., 1979).

‘J’he monthly mean latitudinal positions of the I’J’CX rcwcalcd  the expected annual cycle. The

southernmost position W;NS reached in March and the northernmost position occurred in July -

September. That the annual march of the I’J’{Z lags that of the sun by two months is consistent

with climatology (Rich], 1979).

5. . PAC1}~IC  NECC

‘1’hc NIICC flows eastward against the prevailing westward trade wind (hcncc,  the name

“ccmntcrcurrremt”)  in the approximate lat itudc band 5- 10ON. It occurs south of the westward-

ftowing  North l!quatorial  Current and noIlh of the wc.stward-flowing  South Ii,quatorial  Current.

Along 1 S8 to 150°W, the ccntex  of the 75-m thick thcnmclinc  slopes upwards from 140 m at 4°N

to 7S m at 9°N, the surface dynamic height anomaly relative to 1000 db is 25 dyn cm higher at 4°N

than at 9°N, and the eastward geostrophic  surface CU1 lent is about 0.3 m S-l (Wyrtki  and Kilonsky,

1984). “l’he NECC thickness is less than 200 m.

A tenet of faith among oceanographers that latitudinal y varying upper-ocean vertical motion

strongly influences the N1 ICC will be examined. Vertical motion in the ocean for time scales

longer than several days is very small (Stommcl,  1964), and the difficult measurements arc scarce,

sporadic and intermittent, The upper-ocean ve~lical velocity will be calculated with CMOIIFI)  data,

and a search for a correlative relationship bet wecn vcr[ical vclocit  y and NECC transport will be

described.

‘lhc horizontal divergence. of the Ekman wind drift is (Stommcl,  1965)

(dM#x + dMYJdy)  = (1/0  (cud.t  - pMY.), (4)

where MXC and MYC. arc the cast-west and north-south components of the Ekman mass transport per

unit width, respectively, f is the Coriolis  parameter that is equal to 2Qsinti  and 0 is the ]atitudc,

curlz~  is the vertical component of the wind-stress curl, and fi is the rate of change of the Coriolis
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pammctcr with latitude and is equal to 2QcosWK with R equal to the mdius of the earth. Assuming

the monthly mean vertical velocity at the sea surface is m-o (i. c., the rigid-lid approximation), the

horizontal divergence of the Ijkman wind drift is equal to pWwC, where pW is sea-water density

(1025 kg n@) and WC is the vc~lical vclocit y at the bottom of the Iikman layer. ~’hc assumption of

the rid lid for the sea surface is reasonable bczausc the monthly mean vertical velocity at the sca

surface is about 1% of WC. Substitution of MYC = - (tX/f) (Stommcl,  1965) yields a formulation of

the 1 kman vertical velocity,

WC= (l/pWo (curl,l  + (RX/f). (5)

Reasonable estimates of WC were computed polcward  of about 3°N. Time (month]y mean,

April 1992- July 1993) - longitude (1 ‘-longitude x 1 ‘-latitude mean, 140°E - 80°W) sections

(J lovmii]lcr  diagram) of monthly mean w. were inspected (not shown) at 10 latitudes between 4°N

and 12°N. Best results were obtained at 5°N and 10ON. From approximate y 180° to 10OOW the

Ijkman  vertical velocity at 5°N (1 OON) was directed downward (upward) from July to December

1992,,  and nearly vice versa from January to June 1993 (Figure 5). The simultaneous occurrences

of downward motion at 5(’N and upward motion at 10c’N would produce a larger north-south slope

of the thcrmoclinc  and a more intense NECC compared to t}]e opposite situation of upward motion

at 5°N and downward motion at 10ON. The annual cycle patterns of the CMO1lFD-inferred WC and

the transport of the NECC arc consistent. “1’hc climatological-mean monthly NECC surface current

dcscribcd  from ship-drift mcasurctncnts  is weak in April and strong in October (Meehl, 1982.).

Similarly, the NECC transport simulated from an ocean general circulation model  (OGCM) is weak.

in April and strong in October (Lolk,  1992).

‘1’hc l~kman vertical velocities at SON and 10ON am c.xamined at six longitudes (1 5001+, 180°,

160°W, 140°W, 125”W, 11 OOW) in a search for longitudinal variat ions of the NJiCC (Figure 6).

The combined directions of the 5°N- and 10ON-l;knlan  vertical vckxitics are believed to be an

indicator of north-south thcrnmclinc  slope and, consequently, of NIWC transport. Features of the

Ilkman  vertical motion that arc consistent with climatological-mean  monthly wind-forced 00CM

rcsuhs (1 mlk, 1992) include (i) the longitudinal variation of the annual cycle amp]itudc,  which was
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of the annual cycle with maximum NI XX transport in October and minimum in April, and (iii) the,

semi-annual variation at 110”W.

6. SUMMARY

We employed a nirlcteen-mcmth  IRS- 1 scatmromctcr wind vector data set, which is the

lon~est  SUC})  data since the 3-n~onth  Scasat nlcasurcmcnts  in 1978. lntercomparison texts with

moored-buoy wind observations rcvcalcd  that CMOIJl 1) wind vectors arc adequate for monthl  y

mean small horimntal-scale oceanographic and meteorological applications. The CMODI JJ]-

infcrrcd position of the ITC’A along 28°W was deemed satisfactory. ‘J’hc 60°S - 60°N CMOD17J>-

dcrived horizontal divergence (Figure 7) reveals diveigc.ncc  over the Pacific cold tongue, the IT(X

in tl~c Atlantic and Pacific, the SI>CZ and the South lndian  Convergence Zmnc,  in addition to other

features. The relatively wide north-south extent of the I“J’G5 is an artifact of the annual migration.

7’lIc annual cycle of wind divergence will be reported  elsewhere. The CMOIIFD  data were

cnlployed  in a study of the time- and space-varying NECC,  and produced results consistent with

climatology. The NECC transports coincident with 111{S- 1 data will be reported elsewhere.
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‘1’ab]c 1. Statistics of monthly mean CMOIllObuoy  matchups  during January - IIcccmbcr  1992.

llach correlation coefficient, r, was statistical y significant at 95% level,  N=- number of matchups;

RMS Diff == root-mean-square difference (m s-l ) between the matchups;  wind speed bias (m s-l) =

CMOIllW  wind speed (m S-l) - buoy wind speed (m s-]).

lhoy ‘J’ypc N Variable r RMS l>iff B i a s

NIIBC + TAO 142 u 0.94 1.29 0.69

NJ)BC  -t “J’AO 142 V 0.84 1.23 0.34

NDRC 50 u 0.98 0.98 0.14

ND1lC 50 v 0.91 0.80 -0.01

“J’AO 92 U 0.84 1.43 0.99

7’A() 92 V 0.82. 1.40 0.53
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l.is[ of l;igures

Figure 1. Imcations of mom-w-l  NDIJC buoys. Buoys A, 11 and C were NDDC Buoys 51004,

51003 and 51001, respectively.

l;igurc 2. (A) Average July 1992- June 1993 mean CMODIW zonal wind component (m s-l).

l>ashcd  contours represent westward wind direction, Contour interval is 1 m s-l. (11) North-south

profiles of longitudina]-average u component in each ocean basin: thick solid line, Pacific Ocean;

thin solid line, Atlantic Ocean; dotted  line, lndian  Occ.an,  (C) Average January - December 1992

mean CMODFD meridional wind component (m s-l). Dashed contours represent southward wind

direction. Contour interval is 1 m s-l. (D) North-south profiles of zonal-average v component in

each oecan:  thick solid line, Pacific; thin solid line, Atlantic; dotted line, Indian.

l;igurc  3. Monthly mean profiles of the (A) meridional wind component (positive is northward)

and (B) horizontal divergence at 28°W for three months: April, May and June 1993.

P’igurc 4. Mont}l]y  mean estimates positions of the H’(Z along 28°W determined by three

methods: latitude of the maximum cloud amount from 1-week averaged estimates determined from

M1iTI~OSAq’  images (solid dot) and the latitudinal range of the weekly estimates is shown with a

vertical line; latitude where CMOIIFD  v = O (open circle); latitude of maximum convergence (open

triang]c).

I:igure 5. 1 lovmiiller  diagrams of Ekman monthly mean Ilktnan  vertical velocity along (A) 10°N

and (B) 5°N. “l’he downwelling  motion is shaded. ‘J’hc right-side of (A) and (B) displays the

monthly mean xmal average of the Rkman vertical velocity.

l~igure 6. Monthly mean likman vcl~ical  velocities at 5C’N (dotted line) and 10°N (solid line) at six
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longitudes (15001!, 180°, 160”W, 140”W, 125”W and 11 O“W).

IFigurc  7. Annual (July 1992- June 1993) mean distritmtion  of 10 x 10 averaged horizontal wind

divergence (10-5 s-]). The contour interval is 1x10-5 s-l, and the zero-contour line is not shown.
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